The effects of three different physiotherapy techniques on arterial oxygen tensions and A-a0 2 gradients were evaluated in 17 patients subjected to mechanical ventilation. No significant changes were detected and the clinical significance of these findings, which contrast with those of other investigators, is discussed.
INTRODUCTION
Successful patient management, during prolonged mechanical ventilation, demands regular and skilful physiotherapy. The techniques employed are designed to avoid secretion retention and alveolar collapse.
A fall in oxygen tension of arterialized scalp blood samples, following chest physiotherapy in mechanically ventilated newborn infants, has been observed by Holloway et al. (1969) . Gormezano and Branthwaite (1972) have also noted decreasing arterial oxygen levels in adult patients after such treatment, and have suggested that chest physiotherapy should be employed with caution in the presence of cardiac failure, or severe obstructive airway disease. Lowering of the Pa0 2 in seriously ill patients may precipitate acute cardiac arrhythmias and, if prolonged, jeopardize other vital organ functions with resultant morbidity and mortality.
Physiotherapy of the chest involves suction of the trachea and ventilation with oxygen. Hypoxia following endotracheal suction in anaesthetized patients has been documented (Kergin, Bean, and Paul 1948) , while the administration of 100 per cent oxygen to severely traumatized patients may, despite the use of positive end-expiratory pressure, cause a significant increase in venous admixture (Crawford l\IcAslan et al. 1973) .
We have studied three physiotherapy techniques, observing their influence on arterial oxygen tensions and derived alveolar to arterial oxygen gradients.
MATERIAL AND METHODS
Seventeen patients, are included in this series; their ages ranged from 20 to 75 years. All had been admitted to the critical care unit in respiratory failure.
The indications for mechanical ventilation (I.P.P.V.) are shown in Table 1 . All patients were ventilated via a tracheostomy or endotracheal tube, using a Bennet MA 1 volume cycled respirator capable of providing inspired oxygen concentrations ranging from 21 to 100 per cent. A Bennet cascade humidifier in circuit was used to warm and humidify the inspired gases.
Inspired oxygen concentrations used during maintenance were adjusted to keep arterial oxygen tensions between 80 and 110 mm Hg ; concentrations above 60 per cent were never used. Pulse, blood pressure, central venous pressure and urinary output were recorded at regular intervals, and the electrocardiograph was monitored continuously during I.P.P.V.
The patients were sedated with intravenous morphine and/or diazepam, receiving 2·5 mg to 10 mg of each drug, depending on the relative need for analgesia or sedation. Anaesthesia and Intensive Care, Vol. IIl, No. 3, August, 197.5 Pulmonary physiotherapy was conducted by the same physiotherapist in the majority of cases. This consisted of chest clapping, compression vibration and posturing of the patient. Hyperinflation or " sigh" was also employed at regular intervals during treatment, using the facilities available on the Bennet respirator.
Endotracheal suction was performed aseptically using a sterile 16 FG soft rubber catheter with a side opening, mounted on a Y connection. The suction apparatus was capable of delivering 950 ml of water per minute through the catheter, and could attain a subatmospheric pressure of 18 mm Hg in twenty seconds. Suction was applied during withdrawal of the catheter only, for periods not exceeding twenty seconds.
Physiotherapy and intermittent tracheal suction continued for approximately twenty minutes, until the chest was judged clinically free of secretions.
Three different techniques of physiotherapy were applied on separate occasions to each patient at random. These techniques were:
Method 1
Physiotherapy alone.
Method 2
Physiotherapy with additional nebulization of a mucolytic agent, acetyl-cysteine (airbron), into the inspiratory circuit. (2 ml of acetylcysteine was diluted in 2 ml of sterile water.)
Method 3
Physiotherapy combined with the nebulization of 2 ml acetyl-cysteine, mixed with 1·0 ml of a 0·025 per cent solution of Hexaprenaline sulphate and 1·0 ml of water.
The following routine, was adopted during the study. Arterial blood was first sampled during maintenance I.P.P.V. When applying Method 2 or 3, the appropriate liquid was then nebulized into the inspiratory limb of the ventilator over a period of ten minutes. Inspired O 2 concentration was increased to 100 per cent. Physiotherapy and intermittent tracheal suction were commenced, and continued for a further twenty minutes. Following this, the patient was ventilated with 100 per cent oxygen for a further five minutes, and a second sample of arterial blood was immediately taken. The inspired oxygen concentration was again set to pretreatment levels, and I.P.P.V. continued. Further arterial blood samples were taken at 15 and 60 minutes after physiotherapy.
Arterial blood was drawn into glass syringes from an indwelling radial artery cannula, or following femoral artery puncture. The samples were stored on ice and analysed within fifteen minutes, using a Radiometer BMS 3, Mark n, blood gas analyser, equipped with a Clark type oxygen electrode.
All results were analysed on an Olivetti 101 digital computer, utilizing the Students t-test for significance between two samples means .. 
RESULTS
There was a significant increase in the mean arterial oxygen tension immediately following all three methods of physiotherapy, relative to the pretreatment levels.
No statistical difference was noted between the average pretreatment arterial oxygen levels, and those recorded 15 and 60 minutes after therapy (Table 2) . Table 3 indicates the mean derived (1 lI7:!) reported a significant decrease in arterial oxygen tension following physiotherapy, in a group of patients mechanicalh' ventilated after cardiopulmonary bypass, They noted similar changes in patients with obstructive airway disease subjected to I.P.P.V, The Fi0 2 was adjusted to maintain an arterial oxygen tension of J oo-:!OO mm Hg ; no patient receiving a concentration of oxygen greater than GO per cent.
The authors attributed their findings to an increase in intrapulmonary shunting, and an associated (kcrease in cardiac output, with resultant fall in mixed venous oxygen content. The\' therefore, advised that the duration of chest physiotherapy be limited to five minutes, to avoid these complications.
A reduction in the oxygen level of arterialized scalp blood samples were also observed by Hollowa\' et al. (I lIHH) , following physiotherapy in infants undergoing mechanical \'entilation. Inspired oxygen tensions, however, were not specifically stated in either of the above mentioned reports.
In the present series, the rise in mean arterial oxygen levels noted immediatel~' following physiotherapy, can be attributed to ventilation of the patients with I Of) per cent oxygen directly before sampling. :\lean arterial oxygen tensions ].') minutes and onc hour after physiotherapy, however, were slightly greater than control values after :\rethod I, ane! fell insignificantly following :\Iethods :! and 3. These findings contrast with those of Gormezano and Branthwaite (lH7:!) and Holloway ct al. (I !)()!l) , who reported a significant fall in arterial oxygen levels following chest physiotherapy.
Crawford :\lc\.slan ct al. (I H73) noted an increase in intrapulmonary shunting when severely traumatized patients were subjected to mechanical ventilation with pure ox~'gen for any period exceeding five minutes. Sykes and Finlay (HilI) found an increase in the VDjVT ratio following LP.P.\'. with ]00 per cent oxygen. Clowes et al. (1965) , demonstrated increased cardiac outputs in a group of critically ill patients undergoing mechanical ventilation, a finding confirmed by Beach, :\Iillen and Grenvik (1973) . It thus appears that when subjected to LP.P,\'. seriously ill patients may react differently to individuals with a normal circulatio~.
Our results appear to support this contention, in that the physiotherapy techniques employed here, appeared not to a::h'erseh' influence arterial oxygen tensions or (:\-a) O 2 g~aclients. Cardiac output was thus apparent I,,· well maintained, and maklistribution of alveolar gases not aggravated by our physiotherapy techniques.
Severe hypoxia has been associated witll prolonged endotracheal suction, Rosen and Hillard (HWO) han~ stressed tll(' importance of the diameter of the suction catheter, and metho(l of suction used, 111 avoiding thi" ('om plica tion.
I n our patients, arterial ox\'gen tensions were well maintained after ph\'siotll('rap\' and suction, The use of adequate maintenance levels of inspired oxygen, and expert physiotherapy technique, may account for this observation. I n addition, the diameter of the suction catheter used was standardized (lG FG), and the duration of tracheal suction strictl\, limited to 20 seconds.
\\'e conclude, tllerefore, that in this series of patients, physiotherap" with JOO per cent ox\'gen, with or without the use of mucol\,tic or lm"mchodilator agent, did not appear to ad~erseh' influence arterial oxygenation. This ohservation contrast,; with the findings of other workers, 
